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FREE-FLIGHT  INVESTIGATION OF JET EFFECTS AT LOW SUPEFSONIC 

MACH NLTMBERS ON A FIGHTER-TYPE CONFIGURATION 

E2"LOYING A TAIL-BOOM ASSEMBLY 

LONGITUDINAL  STABILITY AND TRIM 

By Bruce G. Jackson and Norman L. Crab i l l  

SUMMARY 

F l i g h t   t e s t s  have  been made over a Mach  number range  of 1.1 t o  1.4 
to   s tudy   the   e f fec ts  of a simulated  afterburning  turbojet  engine on t h e  
gross   longi tudina l   f l igh t   charac te r i s t ics  of two geometr ical ly   ident ical  
models of a swept-wing fighter-type  configuration. The t a i l  surfaces  were 
mounted on a r e l a t ive ly   l a rge  t a i l  boom of rectangular   cross   sect ion 
extending  aft  of and above the  je t  e x i t .  The t e s t s  were made with  the  a id  
of the  free-fl ight  rocket-boosted model technique,  solid-propellant  rocket 
motors  were  used to   s imulate   turbojet   engines ,  and pulse  rockets were  used 
t o   d i s t u r b   t h e  models i n   f l i g h t .  

The e f f e c t s  of parer  were to   decrease  the t r i m  normal-force  coeffi- 
c i en t  by 0.09 and to   decrease   the  t r i m  angle of a t t ack  by lAO. The 
normal-force  coefficient at a constant  angle of a t tack  was increased  while 
the  pitching-moment coef f ic ien t  at a constant  angle of a t tack  w a s  
decreased. There  were no apparent power e f f ec t s  on the  l i f t -curve  s lope 
except  possibly a t  higher Mach numbers. Any  differences between power  on 
and power off  noted on the  pitching-moment-curve slope and aerodynamic- 
center   locat ion f a l l  within  the  accuracy  of  the  data.  

I m O D U C T I O N  

A number of recent  airplanes,   such as the  McDonnell F3H, McDonnell 
F-101, and Douglas X-3, have ut i l ized  the  ta i l -boom  approach  in  an attempt 
to   so lve   t he   conf l i c t ing  problems of s t a b i l i t y  and loss of engine effi-  
ciency  due t o  long t a i l  pipes .  Some. other  . .  ,.airplanes,  such as the  - 



McDonnell F2H, Grumman F9F and MIG-15, having  more  conventional  fuselages, 
allow  the  jet  exhaust  to  pass  under  the  horizontal-tail  surfaces.  %en  if 
the  direct  thrust  moment  be  negligibly  small,  important  problems  of  trim, 
stability,  control, and many  structural  problems  such  as  the  effectx  of 
heat,  fatigue  due  to  jet  exhaust  noise,  and  boom  and  tail-surface flexi" 
bility-have arisen in such  installations.  Because  of a lack  of  sufficient 
information  on  such  interference  effects, a limited  research  program  has 
been  conducted  by  the  Pilotless  Aircraft  Research  Division  of  the  Langley 
Aeronautical  Laboratory.  The  purpose  of  this  program  was  to  investigate 
the  effects  of a simulated  afterburning  turbojet  engine  on  the  stability 
characteristics  of a model  of a swept-wing  fighter-type  configuration 
having a relatively  large  tail-boom  assembly.  This  paper  presents a 
study  of  the  gross  jet  effects  on  the  longitudinal  flight  characteristics 
of two  models  having  the  same  configuration. 

Figure 1 presents  the  body-axis  system  with  the  positive  displace- 
ments,  forces,  and  moments  indicated  by  the  arrows. 

A area  of  jet  exit, sq ft 

a linear  acceleration,  ft/sec 2 

b span,  ft 
- 
C wing  mean  aerodynamic  chord,  ft 

cX axial  force  coefficient, - - ax w 
g qms 

CD  drag  coefficient, -Cx cos a + CN sin a 

CL lift  coefficient, CN cos a, + Cx  sin a .. 
8 I,, 

cln pitching-moment  coefficient  about  center  of  gravity, I 
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CN  normal-force  coefficient, - g scs 
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CF thrust-force  coefficient, Thrust  force 
%A 

CY 
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side-force  coefficient, - 
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gravi ta t ional   accelerat ion,   f t /sec 

mass moment  of i n e r t i a  about  center of g r w i t y ,  slug-ft2 

Mach number 

free-stream  static  pressure,  lb / sq  in .  

j e t   s t a t i c   p r e s s u r e ,  lb/sq i n .  abs 

j e t   t o t a l   p r e s s u r e ,  lb isq in.  abs 

wamic   p re s su re ,  lb/sq f t  

radius ,  f t  

Reynolds number 

t o t a l  wing area, sq f t  

time,  sec 

ve loc i ty ,   f t / sec  

weight  of model, lb 

dis tance   para l le l  t o  X-axis, f t  

d i s t ance   pa ra l l e l  t o  Y-axis, f t  

d i s t ance   pa ra l l e l  t o  Z - a x i s ,  f t  

angle of a t tack,  deg 

f light-path  angle,  deg 

angle of p i tch ,  deg 

pitching  angular  acceleration,  radians/sec 

wing influence  coefficient,   radians/lb 

2 

(, 

2 

di rec t ion  toward  which wind blows, deg from t rue  North 

spanwise  station, -, percent  semispan Y 
b/2 

L 



s t a t i c   s t ab i l i t y   pa rame te r ,  - da 
dCm 

static s tabi l i ty   parameter ,  - 
dCN 

longi tudina l   ro ta ry  damping der ivat ive,  

dCN l i f t -curve  s lope,  - 
da 

Subscripts:  

ac  aerodynamic  center 

cg  center  of  gravity 

e e l a s t i c  

r r i g i d  

t t r i m  condition 

X wi th   respec t   to  X-axis 

Y wi th   respec t   to  Y-axis 

Z with  respect  to  Z-axis 

The symbol A preceding a symbol indicates  increment  due  to  parer 
unless  otherwise  defined. 

MODELS 

Airframe 

A three-view  drawing ef the   conf igura t ion   tes ted  is  given  in  
figure  2(a).   Photographs of the  models a re   p re sen ted   i n   f i gu res  2(b) 
and 2 ( c ) .  The physical   character is t ics   of   the  models are   presented  in  
tab le  I. The sonic   area  rule  w a s  incorporated  into  the body design, and 
the  normal a rea   d i s t r ibu t ion  i s  given i n   f i g u r e  3 .  Body ordinates   are  
given i n   t a b l e  11. 



The nose sections of the models were  constructed of  aluminum al loy.  
The body sect ions were made  up of a s t e e l  rocket-motor  housing f o r  model I 
and a magnesium-alloy  rocket-motor  housing f o r  model 11, each  surrounded 
by laminated mahogany which was f a i r ed  t o  the  designed body contour. The 
swept  wings and t a i l  surfaces were  of  solid-aluminum  construction. The 
primary  structure  of  the t a i l  'boom of  model I w a s  wood, whereas f o r  
model I1 it was metal. 

0 

e 
l 

Turbojet  Simulator 

A ?-inch  solid-propellant  Cordite  rozket  motor,  modified  after  the 
method of reference 1, w a s  used as a turbojet   simulator.  This rocket 
motor  approximately  simulated  present-day  turbojet  engines  operating  with 
afterburner a t  a Mach number of 1 .2  a t  an a l t i t u d e  of 35,000 f e e t   f o r  
a model t e s t  Mach number of 1.2 a t  an a l t i t u d e  of 3,000 f e e t .  It was 
found from s t a t i c  ground f i r i n g s  conducted at the  Langley  rocket t e s t   c e l l  
that ,   with a jet-exit   diameter of 3.415 inches a sonic   exi t  was obtained 
and the  desired  simulator  parameters  could most nearly be approximated. 
Figure 4(a) presents  a cutaway  drawing  of the  model exposing  the  rocket- 
motor i n s t a l l a t i o n  and i t s  per t inent   par ts .   Operat ing  character is t ics  
obtained from t h e   s t a t i c  ground f i r i n g s  of the  simulator  are  included 
in   f igure   4 (a) .   F igure   4 (b)  i s  a photograph of t h e   j e t   e x i t .  The center  
l i n e  of the  simulator  coincided  with  the model reference  l ine and passed 
within kO.02 inch of the  model center of gravi ty .  

INSTRUMENTATION 

An NACA telemeter  transmitter rela,yed continuous  signals from the  
instruments  contained  in  each model t o  a ground receiving  s ta t ion.  The 
transmitted  information  obtained from both models included: 

Flow d i r e c t i o n   a t   t h e  nose in   the   p i tch   p lane  

Normal acceleration at the  nose 

Normal accelerat ion at the  center of gravi ty  

!bansverse  acceleration at the  center  of gravi ty  

Longitudinal  aczeleration at the  center  of gravi ty  

Flow-direction-indicator  base  pressure 

Free-stream  stagnation  pressure 



An M C A  modified SCR-584 tracking radar and a CW Doppler veloci-  
meter were used to   obtain  the  model 's   ins tantaneous  posi t ion  in   space and 
velocity  throughout  the  flight-test  range.  Atmospheric  conditions  were 
measured by means of a rawinsonde released  short ly  after t h e   f l i g h t  time. 

TESTS 

Pref l ight   Structural   Tests  

Presented   in   f igure  5 a re   the  wing s t ruc tura l   in f luence   coef f ic ien ts  
f o r  23- and p-percent-chord  loadings  obtained from s t a t i c   l oad ing   t e s t s .  
Vibra t ion   tes t s  were made and the   resu l t ing   nodal   l ines  and the i r   cor re-  
sponding  resonant  frequencies  are  sham i n   f i g u r e  6. The d i f f e rence   i n  
the  resonant  frequencies  for wing first bending  encountered on the two 
models  (model I - 34.5 cycles  per second and model I1 - 55 cycles  per 
second) i s  be l i eved   t o  have resul ted from the   d i f f e rences   i n   t he   d i s t r i -  
butions of t he  mass and e l a s t i c i t y   i n   t h e  two fuselages.  

Flight  Tests 

F l igh t  tests were  conducted at the  Langley P i lo t l e s s   A i rc ra f t  
Research  Station a t  Wallops Island, Va.  Each  model w a s  boosted from the  
ground t o  f l i g h t   t e s t   v e l o c i t y  and a l t i t ude   w i th  a 6-inch ABL Deacon 
rocket motor.  The  Mach number at ta ined at booster  burnout was approxi- 
mately 1.2. The model then  separated from the  booster  due t o  t he   d i f f e r -  
ences i n  drag-weight r a t i o s  between the  model and t h e  model-booster combi- 
nation.  After a delay,  the  sustainer  rocket-motor  ignited and accelerated 
the  model t o  i t s  m a x i m u m  Mach number. In   the  case of model I, because  of 
a long  delay  due t o   s t a r t i n g   d i f f i c u l t i e s ,   t h e  m a x i m u m  Mach number 
at ta ined w a s  1.34. Model 11, which functioned  properly,  reached a peak 
Mach number of 1.40. 

The models  were d i s tu rbed   i n   p i t ch   wh i l e   i n   f l i gh t  by four  pulse 
rockets  located  in  the  nose.   Disturbances  in  pitch were also  encountered 
(1) upon separation of t he  model from the  booster  ( 2 )  upon simulator  igni- 
t i o n  and ( 3 )  upon simulator  burnout,  because of the  abrupt trim change 
ar i s ing  from the  sudden power changes. The atmospheric  conditions  are 
summarized i n   f i g u r e  7. It i s  evident from t h e s e   d a t a   t h a t   t h e   f l i g h t  of 
model I took  place  in a i r  having a temperature  lapse  rate  approximately 
half  way between the  dry and wet adiabats and that  appreciable  heating 
of the  surface of the   ear th  had occurred by the  time of  t h e   f l i g h t .  Only 
scattered  clouds  were  present  at  the  time, and the  wind d i rec t ion  was 
such as to   t r anspor t  any turbulence  originating over the  land t o  the  tes t  
area  over  the  water.  Reference 2 indicates  a cor re la t ion  between  such 



, j, atmospheric  conditions and the  occurrence of atmospheric  turbulence a t  
the  locat ion of t hese   t e s t s .  The atmospheric  conditions  existing  during 
t h e   t e s t  of  model I1 however were more complex. Although the same m a r -  

E 
! g ina l   l apse   r a t e  w a s  encountered at va r ious   a l t i t udes ,   t he   i n i t i a l  tern- 
, perature  inversion and the haze ex is t ing  at the time of the   t es t   ind ica ted  

1 t i o n  was p a r a l l e l   t o   t h e   s h o r e   l i n e .  Thus it i s  probable   tha t   the   f l igh t  
l i t t l e  o r  no ground  heating.  In  spite of high wind velocity,  i t s  direc-  

of t he  second model occurred i n  relatively smooth air .  

The tes t   condi t ions  are  summarized in   f i gu re  8. Reynolds number and 
dynamic pressure  are   presented  in   f igures  8(a) and (b) as a function of 
Mach number. Ratio of e s t ima ted   j e t   t o t a l   p re s su re   t o   f r ee - s t r eam  s t a t i c  
pressure and est imated  thrust   coeff ic ient   are   plot ted as a function of 
Mach number in   f i gu res   8 (c )  and (a) .  These estimates are based on the  
data  obtained from the  ground tes t  of the  simulator.  

CORRECTIONS AND ACCURACIES 

Instrument  misalinement and displacement  corrections were ma& 
where necessary.  Table I I I (a)   presents   the  es t imated  probable   errors  
in   the   bas ic   da ta ,  and the   ca lcu la ted   e f fec t  on the  longi tudinal  sta- 
b i l i t y   d e r i v a t i v e s  i s  p re sen ted   i n   t ab l e   I I I (b ) .  

ANALYSIS 

The body-axis  system shown i n   f i g u r e  1 was used for   the  analysis .  
The analysis w a s  conducted 3n the  transient  motions of the  model resu l t ing  
from the  disturbances of the modei i n   p i t c h .  The long i tud ina l   s t ab i l i t y  
analysis  conducted on these   osc i l la t ions  i s  based on the  usual  assumption 
of two degrees of  freedom i n   p i t c h .  A more detai led  discussion of the  
methods used in   reducing  the  data  from f l i g h t  time h i s to r i e s  and the  
assumptions made i n  and the  l imitat ions of the  test   technique  can  be found 
in   references 3 and 4.  

A short   discussion of the  theory  that  i s  compared with  the  experi-  
menta l   s tab i l i ty   da ta  i s  given i n   t h e  appendix. 

RESULTS AND DISCUSSION 

Presented  in   f igure 9 are time h i s to r i e s  of the   bas ic   quant i t ies  
for both  models.  During  the power-on port ion of t he   f l i gh t   t he   i nd ica t ed  
drag  coeff ic ient  shown dashed i n   f i g u r e  9 is  not a t rue   d rag   coef f ic ien t  



because it inc ludes   the   th rus t  component of the  s imulator  which resu l ted .  
in   longi tudina l   acce le ra t ions   tha t  exceeded the  instrument  range. It is 
presented  because it gives an accurate  indication  of when the  parer  changes 
occurred.   Al though  osci l la t ions  in   s idesl ip  were  evident it should  be 
noted  that   the  model  trimmed with  essent ia l ly   zero  s ide  force.  Reynolds 
numbers based on wing mean aerodynamic  chord  ranged  from a minimum of 
9 X 10 t o  a m a x i m u m  of 11.6 X 10 . 6 6 

T r i m  Charac te r i s t ics  

The most s ign i f i can t   j e t   e f f ec t   encoun te red   i n  this t e s t  was the  
change i n  t r i m  due t o  power. T r i m  normal-force  coefficient and trim 
angle-of-at tack  data   are   presented  in   f igure 10. The increment i n  trim 
normal-force  coefficient  due to   t he   app l i ca t ion  of parer  i s  presented 
in   f igure  1O(c) .  The measured increments  for  the  f lexible  case are 
shown by the  sol id   l ines;   these  f lexible   increments  have  been corrected 
f o r   a e r o e l a s t i c i t y  and a re  shown as  the  dashed  l ines.  The resu l t ing   incre-  
ment i n  C N ~  d u e . t o   j e t   e f f e c t s   f o r   t h e   r i g i d   c a s e  i s  seen t o  be about 

-0.09. Results from reference 5 at Mach number of 1.3 show a value of 
A C N ~  of -0.18 f o r  a configuration  with a supersonic  exit  and a horizon- 

t a l   s t a b i l i z e r   n e w   t h e   j e t   e x i t ,  and r e s u l t s  from reference 6 a t  a Mach 
number of 1.5 show a value of ~ C N ~  of -0.07 f o r  a configuration w i t h  a 
sonic   ex i t  and a high  horizontal  t a i l  mounted on t h e   v e r t i c a l   f i n .  Each 
of the  reference  configurat ions employed a t a i l  boom but had d i f f e r ing  
s t a b i l i t y ,   t a i l   e f f e c t i v e n e s s ,  and differences  in   shape and f a i r i n g  
between the  boom and  body.  (See r e f .  7. ) There i s  no d i r e c t  way t o  
co r re l a t e   t he   r e su l t s  of the  reference  data  w i t h  t he   da t a  of this t e s t  
because  of  the many variables  involved. However, they a l l  show the  same 
trend of decreasing  the t r i m  normal-force  coefficient  with  the  greatest  
decrease  for   the  horizontal  t a i l  nearest   the   j .e t   exi t .  

The t r i m  angle-of-attack  increment due to   t he   app l i ca t ion  of power 
i s  presented   in   f igure   10( f ) .   F lex ib le  and r i g i d  data are  shown w i t h  an 
increment i n   r i g i d  at- of -1.8' due t o  power. 

It i s  believed  there was a shift in  the  angle-of-attack  indication 
of model I of  approximately lo throughout   the  ent i re   f l ight .  Unpublished 
angle-of-attack  data of an ident ica l   conf igura t ion  show close agreement 
with model 11. This shift i s  not  important  for  the  present  purposes  since 
power e f f ec t s   a r e   t he  prime  objective  of t h i s  report  and it has no e f f ec t  
on the  slopes and power increments. 

The d i f f e rences   i n  t r i m  due t o  power e f f ec t s  between  models I and I1 
( f i g .  1 0 ( f ) )  may be due t o  small unin ten t iona l   d i f fe rences   in   the   j e t -ex i t  
f a i r i n g  and t o   t h e   e f f e c t  of the  heat from the   sus ta iner  motor on the  
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metal  skeleton of t he  boom of model 11. (The boom of model I was 
e s sen t i a l ly  a l l  wood. ) These t r im  differences  are ,  however, of  the same 
order of magnitude as the  estimated  probable  errors. 

L i f t  

Basic l i f t   p l o t s  of CN against  a are   p resented   in   f igure  11. 
In   the  lower p l o t   f o r  model I i n   f i g u r e  11 t h e   e f f e c t  of the   parer  change 
can  be  noted;  data  points are plot ted  through  the  t ransi t ion from power 
on t o  power o f f .  Since,   dur ing  the  parer-on  port ion  of   this   osci l la t ion,  
da ta  were available over  only  one-half  cycle,  the  fairing of these  points  
must be  viewed with  caution. 

Lift-curve  slopes  obtained from p l o t s  of GN against  a i n  
f igure  11 are   p resented   in   f igure   l2 (a)   as   p la in  symbols. The f a i r ed  
curve  represents   the  calculated  theoret ical   f lexible   l i f t -curve  s lope.  
I n  f igure  E ( b )  r i g i d  lift-curve slopes  are shown i n  which calculated 
f lexibi l i ty   increments  were added to   t he   f l ex ib l e   da t a   o f   f i gu re  12( a ) .  
Good agreement i s  noted i n   t h e  comparison of the  experimental   data of  each 
model with  the  calculated  theoretical   curves.  There  appears t o  be a pos- 
s ib le   decrease   in   l i f t -curve   s lope  due t o  power a t  the  highest  Mach  num- 
ber .  Some power e f f ec t s  may possibly have  been masked by t h e   f l e x i b i l i t y  
corrections.  Reference 6 shows a poss ib le   s l igh t   increase   in   l i f t -curve  
slope at a Mach number of 1.5. A more extensive  investigation  should be 
conducted before any concrete  conclusions,  are m a d e  concerning power 
e f f ec t s  on l i f t -curve  s lope.  

In   f i gu re   l 2 (c ) ,  CN at  a = 2' i s  presented as a function of Mach 
number. An angle  of  attack  of 2 O  was used as it is  a value common t o  a l l  
o sc i l l a t ions .  The e f f ec t  of parer  on CN a t  a = 2' as determined  from 
the   da t a  of both models was an  increase of 0.03 from M = 1.20 t o  1.33. 
When based on t h e   t o t a l  plan-form area of the  exposed horizontal  t a i l  and 
the  boom af t  of the   j e t   ex i t ,   th i s   increment  of  0.030 becomes 0.137. 

Pitching Moment 

No d i r e c t   t h r u s t  moments were  encountered  since  the  sustainer motor 
center   l ine   ( th rus t  axis) passed  within f0.02 inch  of  the model center of 
gravi ty  . 

Basic   plots  of Cm against  a are presented i n   f i g u r e  13. Again, 
i n  t h e  larer p l o t   f o r  model I, the  effects of parer  can be seen;  data 
points  are plot ted  through  the  t ransi t ion from power on t o  power o f f .  
Since,  during  the power-on port ion of t h i s   o s c i l l a t i o n ,   d a t a  were avail- 
able  over  only  one-half  cycle,  the  fairing of these  points  must be viewed 
with  caution. - 
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Pitching-momerit-prve  slope . C;.a as obtained from the   bas ic   p lo ts  

of f igure  13, is  pregented i n   f i g u r e  14(a) p lo t t ed  as a function of Mach 
number a d  represented by the   p l a in  symbols. The faired  curve  for   both 
models i s  identical..&& shows cons i s t en t   r e su l t s   fo r   t he  two models. The 
flagged symbols i n  f i 'p re  . ,  14( a),  model 11, represents  Cm, as computed 

from the  period  obtained from the  transient  motions.  The per iods  for   the 
two da ta   po in ts  shown were  considered t o  be. the  only  ones  val id   for  com- 
puting . The remaining  oscil lations  contained  sufficient  cross cou- 

pling  to  prevent  an  accurate  computation  of '2% by t h i s  method. There 

are  no apparent power e f f ec t s  on . In f igure   14(b)   the  measured 

aerodynamic-center  location x, plot ted  against  Mach number i s  p re r  

"a 

C 
sented. The p la in  symbols represent - as determined from p l o t s  of c 
Cm against  CN. The faired  curve is  the   ca lcu la ted   theore t ica l   f lex-  

i b l e  %- Figure  14(c) shows the   r i g id  % determined  from the   f lex-  
C c - 

i b l e  x,, of f igure  14(b) plus  a calculated  f lexibi l i ty   increment .  The 

dashed  curve  represents  the  calculated  r igid 'a'. Good agreement i s  

noted  between the  aerodynamic-center  location  of model I and model I1 
with  the  calculated  curve. Any parer   e f fec ts  on t h e  aerodynamic-center 
locat ion  are   evident ly  as small as the  accuracy  with which th i s   quan t i ty  
can  be  measured. 

C 

C 

In   f igure  14(d)  pitching-moment coef f ic ien t  Cm at a, = 2' plo t ted  
against  Mach number is presented. An angle of a t t ack  of 2' WE.S used f o r  
t he  same reason as i n   t h e  l i f t  analysis.  The e f f e c t s  of parer  on C, 
at  a = 2 O  plot ted  against  Mach number a re  shown i n   f i g u r e   1 4 ( e ) .  Power 
on produced a change i n  Cm at a = 2' of -0.048 on both models from 
M = 1.20 t o  1.33. If the   in te r fe rence   e f fec ts  of t h e   j e t  are assumed t o  
ac t  a t  the  aerodynamic center of the  horizontal  ta i l ,  an increment i n  
CN a t  a = 2' (based on  wing area)  due t o  power of 0.025 can  be corn- 

puted from the  nC, a t  a = 2' of  -0.048. When t h i s  increment  of 0.025 
is  based on to t a l   p ro j ec t ed   a r ea  aft  of t h e   j e t   e x i t ,  it becomes 0.114 
which  compares wel l   wi th   the measured  increment of  0.137 which i s  based 
on the  same area.  

PJnamic S t a b i l i t y  

A l l  the  transient  motions of model I and two of  those of model I1 
exhib i ted   i r regular i t ies   in   per iod  and damping which  precluded any 

%mmBmwb 
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I dynamic analysis .  These i r r e g u l a r i t i e s  can  be  observed in   the   t ime 
h is tor ies   p resented   in   f igure  9. Since it was bel ieved  that  model I 
f lew  in   turbulent  air (see  discussion on page 6 ) ,  t h e   i r r e g u l a r i t i e s  of 

! model I were  probably  due to  the  response of the  model t o  atmospheric  tur- 
1 bulence and were  aggravated  by some longi tudinal- la teral   coupl ing  effects .  

Model I1 i r r e g u l a r i t i e s  were  believed t o  be  due to   l ong i tud ina l - l a t e ra l  
coupl ing  s ince  the  f l ight  was in   conparat ively smooth a i r .  However,  two 
of   the  t ransients  were relat ively.   f ree  from , the  effects  of longitudinal-  
l a te ra l   coupl ing  and were  analyzed f o r  dynamic s t a b i l i t y   d a t a  which a re  
presented   in   f igure  15. , 

Shown i n   f i g u r e  l5(a) are   the  per iod and t ime  for   the   t rans ien t  
motions t o  damp t o  one-half  amplitude. Figure  l5(b) i s  a p l o t  of  the 
longi tudinal   rotary damping der iva t ive  C, f Crnk against  Mach number. 

The c i r cu la r  symbols represent   the measured f l ex ib l e   da t a .  The diamond 
symbols a re   the  measured data  corrected  to  r igid-wing downwash.  The so l id  
l i n e  i s  the  calculated C, + Cnla of the  t a i l  alone,  based on rigid-wing 

downwash. A s  no power-on data   are   avai lable ,  no power e f f e c t s  on. 
C,, + C x  are  presented. 

cl 

9 

q 

Power-off drag  data   are   presented  in   f igure 16 as bas i c   p lo t s  of 
drag  coefficient  against   normal-force  coefficient.  The rallge  over  which 
the   da ta  were obtained makes it d i f f icu l t   to   de te rmine   accura te ly   the  
minimum drag  coeff ic ient  and the  induced  drag  coefficient.  Because 07 
the   lack of t h rus t   da t a   du r ing   f l i gh t ,  no power-on drag  data  were 
obtained;  therefore, no power e f f ec t s  on drag  are  presented. 

CONCL?JSIONS 

Two geometr ical ly   ident ical  models  of a swept-wing f ighter- type 
configuration  having  swept t a i l  surfaces mounted  on a r e l a t ive ly   l a rge  
t a i l  boom af t  of and above t h e   j e t   e x i t  have  been f r ee - f l i gh t   t e s t ed  by 
the Langley Pi lot less   Aircraf t   Research  Divis ion  to   determine  the  je t  
e f fec ts  on long i tud ina l   s t ab i l i t y  and t r i m .  From the  resul ts   obtained 
from this   tes t   the   fol lowing  conclusions may be drawn: 

1. The e f f e c t  of power was to   decrease   the  t r i m  normal-force  coeffi- 
c ien t  by approximately 0.09 and t o  decrease  the t r i m  angle of a t t ack  by 
approximately 1 . 8 O .  

I 
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2. There  were  no  apparent  parer  effects  on  lift-curve  slope  except 
possibly  at  the  highest  Mach  number. 

3 .  Any apparent  power  effects  noted  on  the  pitching-moment-curve 
slope  and  aerodynamic-center  location  fall  within  the  accuracy  of  the 
data. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee for Aeronautics, 

Langley  Field, Va., June 6, 1957. 



APPENDIX 

AERODYNAMIC THEORY WITH AEROELASTIC  CONSIDERATIONS 

Chordwise  and  spanwise  distributions  of  angle-of-attack-induced 
wing  and  body  loads  were  determined  by a form  of  slender-wing-body  theory. 
Modifications  applied  to  Spreiter 's slender-wing-body  theory  (ref. 8) 
were  the  "width"  correction  for a wing  whose  leading  edge  is  near  the 
vertex  Mach  cone  proposed  by  Nielsen,  Katzen,  and  Tang  (ref. 9 ) ,  and 
simple  approximations  to  the  tip  and  trailing-edge  corrections  given  by 
Cohen  for  wings  alone  (ref. 10). In addition,  the  body  lift  was  assumed 
swept  back  along  Mach  lines. 

Downwash  over  the  tail  was  computed  by  the  method  of  Mirels  and 
HaRfeli  (ref. 11). The  nose  lift  and  aerodynamic-center  location  were 
also  obtained  from  slender-body  theory. 

An aeroelastic  analysis  similar  to  that  described  by  Vitale  (ref. 12) 
was  used.  However,  the  section  lift  force  was  assumed  to  be  acting  at  the 
chordwise  location  of  the  local  aerodynamic  center  defined  by  the  theory 
outlined  above  and  not  at an arbitrarily  assumed 25 or 50 percent  of  local 
chord  as  suggested  in  reference L2. Structural  influence  coefficients 
appropriate  to  this  aerodynamic-center  location  at  each  Mach  number were 
then  used. Also, the  forward  shift  in  wing  aerodynamic  center  due  to  wing 
aeroelasticity  was  assumed  to  occur  along  the  line  joining  the  section 
aerodynamic  centers. 

The  effect  of  wing  aeroelasticity  on  the  downwash  over  the  tail  was 
computed  by  Percy J. Bobbitt  of  the  Langley  Stability  Research  Division 
for M = 1.377 by  using X) rectangular  horseshoe  vortices  to  approximate 
the  spanwise  and  trailing  vorticity  distributions.  The  ratio 

so obtained  was  assumed to vary  linearly  with  the  quantity  qC 

obtaining  flexible  downwash  at  other  Mach  numbers  and  dynamic  pressures. 

'ae 1% 
L"r in 

The  effect  of  horizontal-tail  aeroelasticity  was  negligible. 
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TABLE I 

PHYSICAL  CHARACTERISTICS OF TRE MODELS 

(a )  Geometric Characterist ics 

Aspect r a t i o  . . . . . . . . . . . . . . .  
Sweepback of quarter chord,  deg . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . .  
Incidence, deg . . . . . . . . . . . . . .  
Dihedral, deg . . . . . . . . . . . . . . .  
Area ( t o t a l )  , sq ft  . . . . . . . . . . . .  
span ( t o t a l ) ,   i n .  . . . . . . . . . . . . .  
Root chord, in .  . . . . . . . . . . . . . .  
Tip  chord, in .  . . . . . . . . . . . . . .  
Mean aerodynamic chord, in .  . . . . . . . .  
Vertex locat ion,   in .  : 

Horizontal   s ta t ion . . . . . . . . . . .  
Vert ica l   s ta t ion  . . . . . . . . . . . .  

Fuselage  station  leading edge of F . . .  
NACA a i r f o i l   s e c t i o n  . . . . . . . . . . .  Spanwise s t a t i o n  of C . . . . . . . . . .  

3.0 
52.5 
0.2 

0 

4.88 
45-90 

-5.0 

25 - 50 
5.10 

17-57 

31.36 
0 

44.98 
8.92 

65A004 

( b )  Mass charac te r i s t ics  

Center  of  gravity: 
Horizontal  station,  in. . . . . . . .  
Percent aft leading edge of C . . .  
Vert ica l   s ta t ion  . . . . . . . . . .  

Weight, lb . . . . . . . . . . . . . .  
Wing loading,  lb/sq f% . . . . . . . .  
Moments of iner t ia ,   s lug-f t2:  

I,, slug-ft2 . . . . . . . . . . . .  
Iy, slug-ft2 . . . . . . . . . . . .  
Iz, slLlg-ft2 . . . . . . . . . . . .  

Incl inat lon of the  
pr incipal  axis, deg . . . . . . . . .  

NACA RM L57F19 

Stabi l izer  
~~ 

3.0 
52.5 
0.2 

-1.0 

0.78 
la .  36 
10.20 
2.04 
7-03 

””” 

74.78 
5.0 

80.23 
3.57 

65~006 

52- 5 
0.2 
0 

””” 

0.62 
11.61 
12.90 
2.58 
8.90 

6.0 
82.93 

65~006 

76.04 

4.51 

Model 1 II Model I1 



Fuselage  statio] 
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J e t   e x i t  
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A 

0 

1.6t 

2.9E 

3.9c 

4.4: 

4.5c 

4.18 

3.93 

3.42 

2-50 

2.12 

2.00 

!.OO 

?.OO 
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TABLF: I1 

BODY ORDINATES 

[Dimensions a r e   i n  inches] 

- 
B 

0 

1.68 

2.98 

3.90 

4.43 

4.51 

4.82 

5.18 

3-52 

5.74 

j .84 

5.00 

5.00 

5.00 

C - 

0 

1.6E 

2.9E 

3.9c 

4.4: 

4.45 

4.39 

3-90 

3.02 

2.20 

.2.69 

‘3 - 29 

,&.TO 

6.00 

Cross sec t ion  

7- 
B 

- 
Circular 

I 

i i r i ng  from two e l l i p s e s  ahead of t h e   j e t  
ex i t   t o   r ec t angu la r  aft of t h e   j e t   e x i t  w i t h  
an abrupt   t ransi t ion  occurr ing at the   ex i t .  

1 I 1 
-+1 
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Increment due t o  - 

TABLE I11 

[Accuracies are  presented for the  extreme conditions O f  
Model 11. The accuracies  for Model I f a l l   w i t h i n  
these bounds. All values can be   e i ther  + or  -.] 

(a )  Estimated  possible  errors  in  the measured quant i t ies  

Quantity 

W, percent . . . . . .  
Iy,  percent . . . . . .  
M, percent . . . . . .  
q,, percent . . . . . .  
az, g units . . . . . .  
d%cg -, percent . . .  
da  

b, percent . . .  
d%g 

M = 1.12 

0.5 

2.0 

1.29 

1.41 

0.4 

2.0 

2.0 

M = 1.39 

0.5 

2.0 

0.78 

1.70 

0.4 

2.0 

2.0 

(b)  Calculated  probable  accuracy of aerodynamic  parameters 

w . . . . . . . . . .  
1, . . . . . . . . .  
'a . . . . . . . . .  
% . . . . . . . . .  
b z c g  - . . . . . . . .  
da 

' S o  s e - . . . . . . .  
d%Cg 

Probable error . . . .  
Value of 

parameter . . . . .  
Probable e r ror  

in  percent . . . . .  
Mach nmber . . . . .  
Power . . . . . . . .  

) . 0008 
""" 

1.0024 

1.0099 

""" 

""" 

0.010 

0.161 

6.3 

1.21 

Off 

- 
) .0009 

) .0026 

). 0058 

- - 
0.006 

0.174 

5.5 

1.39 

Off 

0.0004 

""" 

0.0012 

0.0058 

""" 

""" 

0.036 

0.0072 

8.5 

1.39 

On 

'Na 

0.0004 

""""" 

0.0012 

0.0016 

""""" 

0.0021 

0 A75 

2.8 

1.21 

O f f  and on 

0.0003 

0.0009 

""""" 

0.0011 

0.0014 

0.057 

2.5 

1.39 

Off and on 

0.0036 0.0036 

0.0143 0 a 0145 

""""" """"" 

""""" """"" 

_""""_ """"" 

0.0032 0.0035 

0.0151 

0.669  0.659 

0.0153 

2.3 

1.39 1.21 

2.3 

Off and on Off and on 



f 

Z 
Front  v iew 

cr' /'ICN 

H o r i z o n t a l L  
re ference  wind 

Side  view 
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Figure 1.- EQdy-axis  system  used  in  the  analysis.  Positive  directions,  forces, 
and  moments  are shown by  arrows. 

v? 
r 



Sta. 
8.00 

-6.21 

Top view 
Sto.  

s to. 
42 .22  

I 
Totalkpressure tube 

Angle -of- attack 
indicator 

Sta. 
77.00 

Rear view 
Side  view 

Iu 
0 

(a) w e e  -view drawing. 

Figure 2.- Model description. 
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(b) Models I and 11. L-57-1615 

Figure 2.- Continued. 
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( c )  Model on launcher. 

Figure 2.- Concluded. 
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Figure 3.- Normal area  dis t r ibut ion.  
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Rocket  chambe 

Diameter.3.415  in 
are0 9.15 sq in. 

Booster  odopter 

13 Throats 
area  1.953 sq in. 

Jet Operating Characteristics Obtained From 
A Static Ground Firing 
Total  temperoture of the jet, 3,680" R 
Velocity of the  jet,  2,810  ft/sec 

Weight flow ratio.5.26  Ib/sec,averoge 
Thrust, 741 Ib 

Jet  toto1  pressure, 81.8 Ib/sq in. obs  

Jet  static  pressure,  45.6 Ib/sq in. obs 
Rotio of specific  heats,  1.24 

(a)  Drawing  and  operating  characteristics of the  turbojet  simulator. 

(b) Photograph of jet  exit. L-89721 

Figure 4.- Simulator  description. 
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(a )  Wing 50 percent  chord  loading. 
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(b)  Wing 23 percent  chord  loading. 

Figure 5.- Inf luence  coeff ic ients  of t w i s t  i n   t h e  free-stream d i rec t ion  
per   un i t  load applied a t  various  stations  along  the  span. 
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Figure 6.- Nodal lines  and  resonant  frequencies. 
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Figure 7.- Atmospheric  conditions  existing  during  the  test. 
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(a)  Reynolds  number. 

M 

(b) Dynamic  pressure. 

(c) Estimated  jet  total  pressure  ratio. 

Model I 

12 13 14 15 

Model D 

(d)  Estimated  thrust  coefficient. 

Figure 8.- Summary of test  conditions. 
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(a) Model I. 

Figure 9.- Partial  time  history. 
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Figure 9. - Concluded. 
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.e) Trim angle of attack vs Mach  number,  model I1 
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(C) Increment in c due to power vs Mach number 
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( f )  Increment  in a t  due to power vs Mach  number 

Figure 10.- Trim  characteristics. 
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Figure 11.- Basic lift data. 
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(b )  Rigid  l if t-curve s lope plot ted  against  Mach number. 

CN,a.z" 
Power 
Power 

off 
on 

( c )   L i f t   coe f f i c i en t   a t   cons t an t  a plot ted  against  Mwh number. 

1.0 1.1 1.2 1.3 1.4 
M 

Model I 

1.0 1.1 1.2 1.3 1.4 
M 

Model il 

(d) Increment i n  CN,,.-20 due t o  power p lo t ted   aga ins t  Mach number. 

Figure  12.- L i f t  summary. 
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Figure 13.- Basic pitching-moment data. 
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(c) Rigid  aerodynamic-center  location  plotted  against  Mach  number. 
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(e)  Increment  in c ~ , ~ ~  o dne  to  power vs Mach  number. 

Figure 14.- Static  stability summary. 
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(b) Longitudinal  rGtary  damping. 

Figure 15. - Power-off  longitudinal-dynamic-stability  data  from  model 11. 
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Figure 16.- Basic power-off drag  data. 


